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(54) PACKAGE INTEGRATED CTRCLUT 

(5 7) Abstract: 

Pi^OBLEM TO BE SOLVED: To provide a package integrated circuit with a 
smaller- size, at a lower cost than tiiat of a Itriowii package integrated 
circuit, that is used for a wireless frec]uency device. 
SOLUTION: Tills paclcage integrated circuit consists of one or more 
wlrek^ss frequency components included in an integrated circuit die. The 
integrated cU'cuit die is coupled with a wireless frequency antenna. The 
wireless frequency antenna is Indiided in the package integrated circuit 
but not included in the integrated circuit die. 
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1. Title of invention 
PACKAGED INTSGRATEP CIRCUtT 

2. Claims 

1 . Packaged integrafecJ CUcuW (PfC), comprising at least one radio 
frequency componeof tncfudsd in Qf> integrated Circui* die (iCD) being 
associated with a rodio frequency ontenna (RPA), said Integrated Circuit die {fCD} 
being trKlgded in said Packaged Integmted Circuit (PIC) CHARACTERISED IN 
THAT soid radio frequency ontenno is olso included in soid Pockaged Integrated 
Circuit package (PfC) and is excluded from sold Integrated Ctrcuit die (ICDf. 

2. Pockoged htegrcted Circuit (PICJ according to dam 1 , 
CHARACTERISED IN THAT said Pacfcoged Integrated Circuit (PiCJ includes on 
tntsgrotsd Circuit Package {ICPAj which houses aaid at leost one radio frequency 
cornponent and soid radio frequency ontenno (RFA) which is constituted by a! 
least one meict! object that is port of sctd integrated Circuit package. 

3. Packaged integrated Circuit (PIC) according to ciaim 2, 
CHARACTERISED IN THAT said radio frequency antenna (RFA) is constitjfed 
by a wire bonding coupled to said Integrated Circuit die (ICD), 

4. Packoged Integrated Circuit (PIC) according to claim 2, 
CHARACTERISED IN THAT said radio frequency antenna (RFA) is applied on o 
mefa! lead frame of said tni^rated Circuit package {iCPA}, 

5. Packaged tntegroted Circuit (PIC) occording to claim 1 , 
CHARAaERISED IN THAT said radio frequency antenna (RFAJ consists of at 
least one planar meloi pattern separated from a grounded metal plane by an 
insutcf^ing layer. 


f|[i2 00 I--2 9 202 6 


6, Packaged Integrafed Circuit <P1C) according to cbtm 5, 
CHARACfCfttSED \H THAT said pbnar meto! pattern is a metal s!ot«paftern 
oind said insuiatirvQ bysr is ceramic ioyer, 

7. Packaged Integrated Circuit fPtC) according to cfoim 6, 
CHARACTERISiO IN THAT sotd sfot pattern consists o first S-shaped siot. 

S. Packaged Inlsgrated Circuit (PfC) according to cfoim 7, 
CHARACTERISED IN THAT said radio frequency antenna (!?FA) comprises a 
second S-shaped sbt rotated 90 degrees with regord to said first S-shaped slot. 

9. Packaged Integrated Circuit (PIC) occording to claim 1, 
CHARACrSRISED IN THAT sotd Integrated Circuit pockoge {fCPA} is o Boll 
Grid Army pockage. 

10. Pockoged Integrated Circuit (PiC) according to claim 1, 
CHASACTERtSiD IN THAT soid Integmted Circuit pockage {ICPA] is « Quad 
Ffctt Pqcfe package. 

1 1 . Packaged integrated Circuit (PtC) occording to claim 1 , 
CHARACTEffiSeD IN THAT $oid Integrated Circuit package is a Small Outline 
pockoge, 

12. Rodkt Frequency Module including of least one Packaged 
Integrated Circuit {PIC) according io any of the claims 1 to 1 1 , 
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3. Delaj led Description of Invention 

The present invention relates to a Packaged Sntegroted Circuit as 
described m the pr«amb:e of cbim 1 . 

Such a Fockagsd htegrated Circuit is aUmdy known in fhs arl, e.g. 
from the ATMEL onnouncemertt "ATMEL announces Sfuefoorh sohthn" at 
November 8, 1999 togsther with the ATMEL Bluetooth xoluttort bockgroundw 
"No more cabhs The BStjetoofh wrreiess tiandard and ATMEL Corpormian's 
insfont time-to-mark^i Bheiooth $oSutior>" Sofh documents ore pabiishsd oi fh& 
ATMEL websiiB. Therein, a Slualooih transceiver is described consisting of o 
mu!fi-chip module that includes the radio, baseband Qr>d flash memory in a ball 
grid orroy package. This module ossemblad on o Printed Circuit Board, 
together with diverse exfsrnal discrete components, such os o fitter and an 
antenno. Because of the uss of such a trariscetver in different kind of smalt 
portable devices such e transceiver device should necessortly be very small. 
Further taking in account the expectediy large number of such transceivers 
applied in Bluetooth supportincf devices, the production cost and mounting cost 
of such o tronsceiver should be low. 

An object of the present invention is to provide a Pac!<ased Integrated 
Circuit of the above known type but which is smaller end has a reduced cost with 
respect to the known ones. 

According to the invention, this object is achieved by ihe Pockoged 
Infegroted Circuit described in claim 1 . 

Indeed, this object is achieved by providing at ieost om rodio 
frequency component in on Integroted Circuit die implemented in an Pockaged 
Integrated Circuit while the radio frequency antenna is also integrated in the 
same Package, An entire pockoge in one port, including on antenna, can be 
integrated in o radio application such as a Bluetooth application instead of 
combining o radio frequency module ar^d o separote antenrta on a Printed 
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Citcuii Board for applicQfior* in such a radio applicofion such as Biuefooth. !n ihis 
way space on the Printed Circuti &3ord aod in the radio application housing is 
saved and aHhe same time cost for imptemerifation of the fodb appiicalion is 
reduced because oniy one action is needed instead of one for mounting the 
radio module and one for mounting the antenna on the Printed Circuit Board 
ond subsequently handling the interconnectiim of both elements. 

Another characterising embodiment of the present invention is 
described in cloim 7. 

The radio frequency onfertna is constituted of al least one metal ob'tect 
inside on Integroied Circuit Pockoge which houses the elements of the Pockaged 
Integroted Circuit. By using on existing or oddittonol metal object within the 
Integrated Circuit pockagethe antenna is built up within the package of the 
Integrated Circuit. 

Subsequently choracteristng embodiments of the present invention are 
described in cloim 3 and c!oim 4 respectively. 

in both olternative embodiments a metal object within the package is 
used for implementing the radio frecfuency antenna. At first, in claim 3, the 
Integrated radio frequency antenno is constituted by a wire bonding coupfing for 
example on output of the Integrated Circuit die to an output termirKjL This is 
feasible if the length of a wire bonding ts VzX or ViX of the targeted, to be 
received or transmitted radio signal wcr/elength. Secondly, in claim 4, as on 
oiternotive, o metol lead-^ame inside the Integroted Circuit pockage is used os a 
radio frequency antenna. 

A furtKer choracterising embodiment of the present invention is 
described in claim 5. 

As another alfernotive radio frequency antenna, at leost one planar 
metal pattern can be used as an ontenna. Such a, ot ieost one metoi pattern may 
be included in the Integrated Circuit pockoge by means of moulding it in the 
padcoge material or by realising the patterns on the surface of the package. 


Additionally the onferinc consists of a grounded mBtof pioire. The pattern and the 
grounded plane are separoted by an insulating loyer wifhin the fnfegroted Circuit 
package. 

Vet another choracteristng embt^dimerjt of the present invenflon i$ 
described in claim 6. 

The rodio frequency ontenno consists of a plaf>ar siot-pattern placed 
on o grounded subsfrote. This substrate is realised on the surface of an 
intsgrafsd Circuit package. 8y using a ceramic material hovtng « high dielectric 
cortsfont the radio frequency antenna dimensions on the ceramic substrate con 
be minimised even more. 

A!$o another characterising embodiment of the present invention is 
described in claim 7. 

The slot pottern of the radio frequency antenna on the grounded 
substrate consists of a first S-shoped slot whereof the lengih of this first S-shaped 
slot determines the resonance frequency of the radio frequency signal to be 
received or transmitted. The S-shape of the carve results in o non-!tnearly 
petansed radiation pattern, By applying this technique of shaping antenna it 
is forilitated to adopt the rodio frequency antenna for another resonance 
frequency, fust by making a slight modification to the shops or the dimensions of 
the ontennOv In this way the antenna is frequency tuneable. 

A subsequent characterising embodiment of the present invontion is 
described in ctoim S. 

There is additional to the first S-shaped slot a second S-shaped slot 
that is rotated 90 degrees with regard to the first S-shaped slot. This second S- 
shaped slot suppresses higher order resonance at harmonic frequencies of the 
operation frequency of the rodio frequency signol and consequently reduces the 
bandwidth of the radio frequency signal. The S-shape of the carve results fn o 
non-!inearfy polarised radiation pattern, ond the combination of both S-shaped 
slots defines not only the resonance frequency ond bondwidth but also consft'tutes 
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some filter charaderisttcs by suppressing oil other harmonic Ireqyencies except 
the needed radio frequency signal, &y applying this technique of shoping the 
antenna tt is faciNtoted to odapt the radio frequency antenna to another 
resonance frequency and olso to suppress other hormonic frequencies, just by 
making a slight modification to the shape or the dimensions of the ontenno. In 
this way the or^tenno is also bandwidth ttitieable. By applying the second S-shapa 
th© antenna itself provides a fHter choroctertstic, hereby reducir>g the need of 
cppiying cn additional ftitenng element. 

Further characterising embodiments of the present invention are 
mentioned in the appended cbims 9, 10 and 1 1 . 

8y tntegroting soch a radio frequency module in a standard Integrated 
Circuit pQckoge such os a Boil grid orray package^ a Ouad Plot Pock package or 
o Smoll Outitne package or any other stondofd package, the packoges con be 
treated fay stondard equipment such os o sotder-fiow machine or testing 
equipment resulting in a reduction of cost. Sy using thes« stondard packages 
also the size and the cost of the overoil radio equipment is reduced. 

In addition the present invention also relates to a radio frequency 
module including at least one packaged Integrated Circuit as described above. 

The above and other objetts ond features of the tnventson will become 
more apparent ond the invention itself vvii! be best understood by referring to the 
fallowing description of on embodiment taken in conjunction with the 
accompanying drawings. 

In the following paragraphs, referring to the drawings, ar^ 
tmptementation of the method according to the presetit invention will be 
described, in the first port of this description the main elements of the Ball Grid 
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Array package ICPA, as presented in FIG- 1 , wherein the Packaged intsgrored 
Circuit of Ihe present invention is implemented, is described. This porf is 
succeeded by a ctescriptian of all intercortnections between each of the befors 
mentioned efer^snts, Subsequenliy the actual execution of the impfementatiorv of 
the present invention is described. 

The Bali Grid Array (BGA) pockoge ICPA of the present invention is a 
cavfty-down pockoge that can be mour>t©d on a Printed Circuit Boord PCB. This 
BGA package basically consists of planar metal loyers CNDPL, ICP, seporcjted by 
insubttng layers. The insulating byers are reoiised in a ceramic material. At the 
top of the Ball Grid Array packoge ICPA, o first metalisotion layer MET is 
reoiised. The antenna RFA is etched, using the well-known slot technology, if» the 
metalisation loyer MET- Beiow the radio frequency antenno there is a ceramic 
insuloting layer and the planer metol layer GNDPL, serving as ground plane. 
Fuf^er below the ground plane GNDPL there is another insuloting layer and the 
metal layer tCP, serving as an interconnection plone. On this layer ICP, 
interconnedions between oil pins of on Integroted Circuit die iCDond all output 
connectors or internal elements ore etched. The output terminals of the BGA 
pockoge are solder boils that con be soldered on ct Printed Circuit Board PCB. 

The Integroted Circuit die iCD contains electronic radio frequency 
components such as transistors, capacitors, inductors, and resistors. 

The vertical interconnections between ali elements are performed 
using via holes which are holes in the insuiating layers, filled with metol. The 
connectiorts towards the Printed Circuit Board PCB are realised with solder boiis. 

The terminals of the radio frequency antenna RFA ore coupled to the 
integrated Circuit die ICO by vta-holes such os VI , and by metal interconnections 
on l«yef ICP. The ground plane GNDPL is connected to an electrico! ground 
using via holes V3 ond V6 coupled to a ground pbne GNDPL! on Jhe Printed 
Circuit Board PCB, The Integrated Circuit die ICD Is olso coupled to ground 
plane GNDPl by via V2. Via's V4 and V5 are used to coupJe the Integrated 
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Circuit die signa! oytputs to oiher subsequent elemenls mounted on the Printed 
Circuit Boord PCB. Hie pins of the Integrated Circuit die ICD ore coupled to the 
intftrcwnectton plan© tCP via wirs bonds W8. 

in HG. 1, more deioiis ore shown of the radio frequency antenna RFA, 
as buift in the first metalitsation layer on top of the BGA-packoge. The antenna 
RFA is etched by using the weil-known slot technology, where q "slot" means on 
opening in o metal poHem, The antenno RFA consists of a first S-shaped stot SI 
ond o second S-sho ped slot rotated 90 degrees with regard to the first $-shoped 
slot S2. The onlenna is surrounded by a square array of via holes VH at the edge 
of theaotenno. 

!n the following porogroph the relevance and posHlonir^g of the 
previously mentioned elements is explained. 

First, by ustr^g the cavity down package, it is facilitoted to shield fhe 
Integrated Circuit die ICD from radiotion by placing the die in betv/een tvt'o 
ground planes GNDPL and GNDPL1 « On the other hand the rodio freciuency 
antenna RFA is also shielded from the Integroted Circyit die ICD by the 
application of ground plane GNDPl. This structure enables to combine an 
Irtfegrofed Circuit die ICD and an antenna RFA within one package without 
mutual influence and/or performance disturbance. 

The ontenna RFA consists of a slot pattern that is placed on a ceromic 
irsulotion layer. Because of the high dtelectricoi constont er of the Ceramic 
moferio! and the ability to accuratety conlrol the dimensions such os the thickness 
of the layers and the pattern layout, the or>tenno dimensions can be minimised 
ond the antenna dimensions can be accurately reproduced- The slot pattern itself 
consist* of two S-shaped slots SI, S2 rotated by 90 degrees. The length of the 
first S-shaped slot determine the antenna resonance frequency. The second 
S-shaped slot S2 suppresses higher order resonarj<»3 at harmonic frequencies of 
t!^ cperotion frequency and reduces the bandv/idth. The S-sho pe of the carve 
results in a non-iineorly polarised radiation pottern, and the combinotion of both 


flP 2 0 0 1 - 2 9 2 0 2 6 


S-shaped sbis defines noi oniy the resonance frequency and bandwidth bur aho 
defines some filler characteristics by suppressing all other harmonic frequencies 
except the needed radio frequency signal 

The S-shcjpe of the con/e rftsuits in a non-Jinear!y polorised radiation 
p0«ern. By opptytng this technique of shaping the antenna it is facilitated to 
adapt the radio freti«6ocy arttenno RFA for another resonance frequency, just by 
making o slight modificotion to the shape or dimensions ol the ontenna, in Ms 
woy ihe enienna is frequency tuneable. 

Further, fay applying this technique of shaping the antenna ft is 
fociiiteted to adapt the radio frequency antenna RFA for onother resonance 
frequency bwt also for suppressing other harmonic fr«quet\ctes, just by making q 
slight modification to the shape or the dtmensions of the antenna, in this way ihe 
ontenno is oiso bandwidth tuneabie. By applying the second S-shape the 
on^enna sfself provides with fitter choracteristtcs disposing of the need of applying 
on additfond filtering dement. 

The antenrio Is surrounded by a square array of via-hdes that ground 
iNe metallisation at the edges of the ontenno in order to avoid fringing effects. 

The ontenno is excited differentially in the points A ontd B of F!G. 9, 
the connection to the die is made with via -holes on these two points. Further, the 
impedance seen from point A and point B is exactly the same due to the 
symmetry of the antenno. 

The technique used for minimising the size of the antenna, the 
ontenna-f titer ood the shielding between the silicon and the antenna, mokes it 
possible to integrate all rodio ftjnctions into one very small chip pockage solutiorv 
for the Bluetooth opplicQfton. 

It is to be mentioned that embodiments using metal objects in the 
tntegroted Circuit package such os a wire bond and a meta! leod-frame are also 
suitable for implementing a radio frequency antenna within the Packaged 
Jnteg rated Circuit. 
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fj is further to be mentioned that instead of using a BGA- package also 
a Smali Outline package, a Quad Fict Pock Pockage cr ony other stcndord 
package could be used to provide the same advantages os a BGA-pacicage 
do«s. The invenfion can also be applied to pockages, cootainmg insufetion tayer^ 
realised ia mctertals other than ceromit materiois. 

White the principles of the invention hove been described above In 
connection with specific apporafus, it is to be cisorfy understood ihat this 
description is mode only by v/oy of example ond not «s a itmifaiion on the scop© 
of the invention, os defined in the appended cloims. 
4, Bri»f Oescripi(or« of Drawings 

FiG. 1 represents a hn!l grid array package wherein a fodto frequency 
moduls fageiher with a radio frequency antenna is imptemsnted > 

piG 2 represents the patfern of the slot onfenna used in the rodio 
frequency module of the FIG. 1- 


Pis. 1 
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1. Abstract 

A Packaged Iritegroted Circuif, for uss in a radio frequency apparatus, 
Ihe Packoged Integrated Ctrcvff comprises one or more radio frequency 
componenis ihai ore inctyded in art Integrofed Cfrcuif die. The int^raied Circutl 
die is ossociated wilh o rodio frequency antenna. The radio frequency antenrws is 
also included in the Packaged Integroted Ctrcuit but is excluded from the 
Integrated Circuit die. 


Z, R0pr»&entaiiv6 Drawing 
F i g. 1 


